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This would account for the over-all stoichiometry, al-
though it cannot be ascertained whether B;0; is pro-
duced in a primary reaction or by subsequent decom-
position of HyBsOs.

The most stable isonier of BH;0,, from the point of
view of bond strengths, is HB(OH),. Calculations based
on thermochemical data®'? % give for the reactions

HB(OH)(g) + H;B(OH)(g) = H:B:0s(g) + 2Ha(g) (22)
and
HB(OH)x(g) + H;B(OH)(g) = B:0s(s) + 3Hi(g) (23)

enthalpy changes of 4-24 and —81 kcal, respectively.
This indicates that at ordinary temperatures, only
reaction 22 is thermodynamically favorable. Rear-
rangement of H:BOOH to HB(OH), should then lead
to the formation of ByO;(s) rather than H,B.0(g).
This type of rearrangement has been observed by Petry
and Verhoek.”® They observed that the initial prod-
uct in the gas phase reaction between B{CHj); and O,
(CH;),BOOCH;, subsequently rearranged to form
(CH;0):BCHs,.

The mechanism of oxidation of tetraborane is very
similar to that described for the BH;CO-OQ, reaction.
Boroxine is not produced in this reaction and results of
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experiments using oxygen enriched in 0, suggest that
the precursor to HyB;0; is formed initially without
rupture of the O—0 bond as in the case of the BH;CO-0,
reaction. Formation of BH;0, is more easily visual-
ized in the reaction of O, with B,Hy, than in the Bs;-
Hy-O, reaction. Tetraborane contains two terminal
BH, groups bridged by hydrogen atoms to the other
two boron atoms. Splitting off of two BH; groups to
form two BH;0, molecules is quite feasible and this
would account for the stoichiometry in reaction 7
(z.e., consumption by BHj, of twice as much O, as
in the BH;CO case). Some evidence for this type of
fission of tetraborane is given by the formation of
BH; - py and B.H. py from tetraborane and pyridine
at 0°.2 The B,H, residue can give rise to diborane
and borane polymer as in the case of the B;H—O, reac-
tion. A similar reaction sequence corresponding to
eq 16-18 can easily be written. The stoichiometry
observed here of ByHi, with respect to O is the same
as that reported by Ludlum,?? although the over-all
reaction stoichiometry is not the same.

(21) V. I. Mikheeva and V. Y. Markinz, Z4, Neorgan, Khim., 5, 1977
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Preparation of a new polymorph of chromium oxide
hydroxide (CrOOH) by hydrothermal methods was
reported by Tombs, Croft, Carter, and Fitzgerald;!
the compound was identified by chemical analysis and
by an X-ray diffraction powder pattern, which was
indexed on an orthorhombic cell with ¢ = 4.861 A,
b = 4292 A and ¢ = 2.960 A. The powder pattern of
orthorhombic CrOOH is very similar to that of indium
oxide hydroxide (InOOH),? the orthorhombic cell is
comparable with the unit cell of InOOH, and the two
compounds are probably isomorphous. An investiga-
tion of the crystal structure of orthorhombic CrOOH
was undertaken in order to compare the two crystal
structures.

Rhombohedral CrOOH?®** has a layer structure.
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Oxygen atoms are coordinated with chromium atoms in
distorted octahedra. Each octahedron is sharing its
six edges with six surrounding coplanar octahedra to
form continuous sheets in which the oxygen atoms are
close-packed. The sheets are superposed so that
oxygen atoms of one sheet fall directly above those of
the sheet below. The structure as a whole is therefore
not close-packed and the layers are held together by
short hydrogen bonds.

In structures of compounds with composition MOOH
the metal atom is generally octahedrally coordinated
with six oxygen atoms. In some rare earth oside
hydroxides a seven-coordination of the metal atom
with oxygen atoms has been reported.®® A survey of
common MOOH structures has been given by Wells.”

A powder sample of orthorhombic CrOOH, kindly
put at our disposal by the authors of ref 1, was used
in the present investigation. The sample was sealed
in a Lindemann glass capillary of 0.25-mm diameter.
Intensities of 24 lines of the powder pattern were col-
lected with an automatic single crystal diffractometer
using Mo Ko radiation and balanced filters techniques
with a scintillation counter. The diffractometer was
manually operated and the intensity of each powder
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line was obtained as an average of ten measurements.
From the strongest lines in the powder pattern 17
independent structure factors were calculated. No
absorption correction was applied.

Orthorhombic CrOOH proved to be isostructural
with InOOH.? The crystal structure of CrOOH is a
deformed rutile structure. Oxygen atoms are co-
ordinated with chromium atoms in distorted octahedra.
One set of octahedra with chromium at (0, 0, 0) are
sharing edges and are stacked along the (0, 0, 1) direc-
tion. Another set of octahedra” with chromium at
(Y4, /3, /) are also sharing edges and are stacked
along the (0, 0, 1) direction. The two sets of octahedra
are sharing corners and are held together by rather
short hydrogen bonds.

An Rvalue (R = 2||F,| — k| F||/Z|Fo]) of 11.0% was
obtained on inserting Cr and O atoms in the structure
factor calculations using the coordinates of In and O
in InOOH. Inserting the Cr atoms only gave an R
value of 18.79,. Coordinates dnd temperature factors
were refined by the method of Bhuiya and Stanley.?
The structure factors were calculated using the atomic
scattering factors from Vol. IIT of the International
Tables of X-Ray Crystallography and the interpolation
formula of Bassi.? The refinement yielded an R value
of 9.6%,.

The crystallographic data obtained are: crystal
system, orthorhombic; ¢ = 4.861 A, b6 = 4292 A, ¢ =
2.960 A; space group, No. 538, Pnnm; density calcu-
lated for two formula units in the unit cell, 4.57 g/
cm?; absorption coefficient p = 89 em~! for Mo Ka
radiation (A 0.7107 A).

TaBLE I
ATomic COORDINATES AND TEMPERATURE FACTORS

Posi-

Atom tions x oz y oy z B, A? ¢B, A?
Cr 2(a) 0.0 0.0 0.0 0.4 0.3
O 4(g) 0.361 0.013 0.230 0.020 0.0 8 2

Table I gives atomic coordinates and temperature
factors with their standard deviations. Table II gives
interatomic distances. The Cr-O distance of 2.0 %= 0.1
A is comparable with the distance of 1.97 =+ 0.04 A
found in rhombohedral CrOOH.® The O-O distance
of 2.4 £ 0.2 A corresponds to a hydrogen bond. In
InOOH a hydrogen bond of 2.58 A was found. Table
III gives X-ray data for orthorhombic CrOOH with
observed and calculated intensities.

TasLE II
INTERATOMIC DISTANCES / AND STANDARD DEVIATIONS o7 IN A
! ol

Cr-O 2.0 0.07
0-0 between octahedra 2.4 0.1
0-0 within octahedra 2.8 0.1
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TaBLE III
X-RAY DirFracTION DAaTa FOR CrOOH
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According to ligand field theory, the magnetic mo-
ments of d4, d5 db and d7 transition metal complexes
depend on the relative values of the mean spin-pairing
energy = and the strength of the cubic ligand field
parameter A, Thus, in the case of Fe™ (3d5 configura-
tion) the magnetic moment is about 5.9 BM in high-
spin complexes (weak ligand flelds) and 2.9 BM in
low-spin or spin-paired complexes (strong ligand fields).?

Cambi and co-workers?=® have investigated the
magnetic properties of some iron(IIT) tris(dithio-
carbamates) [Fe(DTC);] and found magnetic mo-
ments between 2.3 and 59 BM depending on the
substituents in the DTC ligands; furthermore, meas-
urements between 84 and 300°K showed that the
magnetic moments increased with temperature. More
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